
US010184967B2 

( 12 ) United States Patent 
Saito 

( 10 ) Patent No . : US 10 , 184 , 967 B2 
( 45 ) Date of Patent : Jan . 22 , 2019 

( 56 ) References Cited ( 54 ) METHOD OF DETERMINING 
CAPACITANCE VALUE OF CAPACITOR 
WHILE TAKING APPLIED ALTERNATING 
VOLTAGE INTO CONSIDERATION , AND 
PROGRAM 

U . S . PATENT DOCUMENTS 

( 71 ) Applicant : MURATA MANUFACTURING CO . , 
LTD . , Kyoto - fu ( JP ) 

2011 / 0279132 A1 * 11 / 2011 Guo . . . . . . . . . . . . . . . GO3F 7 / 70633 
324 / 679 

2012 / 0112771 Al * 5 / 2012 Schliebe . . . . . . . . . . . . . GO1R 31 / 06 
324 / 659 

( Continued ) 
FOREIGN PATENT DOCUMENTS ( 72 ) Inventor : Kota Saito , Nagaokakyo ( JP ) 

( 73 ) Assignee : Murata Manufacturing Co . , Ltd . , 
Kyoto - fu ( JP ) JP 2002 - 259482 A 9 / 2002 

2012 - 150579 A 8 / 2012 
( Continued ) ( * ) Notice : Subject to any disclaimer , the term of this 

patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 393 days . OTHER PUBLICATIONS 

( 21 ) Appl . No . : 15 / 009 , 155 International Search Report — PCT / JP2014 / 065318 dated Aug . 12 , 
2014 . 
Written Opinion – PCT / JP2014 / 065318 dated Aug . 12 , 2014 . ( 22 ) Filed : Jan . 28 , 2016 

( 65 ) Prior Publication Data 
US 2016 / 0146871 A1 May 26 , 2016 

Related U . S . Application Data 
( 63 ) Continuation of application 

PCT / JP2014 / 065318 , filed on Jun . 10 , 2014 . 

Primary Examiner — Jermele M Hollington 
Assistant Examiner — Taqi Nasir 
( 74 ) Attorney , Agent , or Firm — Studebaker & Brackett 
PC 

No . 

( 30 ) Foreign Application Priority Data 
Jul . 29 , 2013 ( JP ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2013 - 156879 

( 51 ) Int . Ci . 
GOIR 27 / 02 ( 2006 . 01 ) 
GOIR 27 / 26 ( 2006 . 01 ) 
G06F 17 / 50 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . GOIR 27 / 2605 ( 2013 . 01 ) ; G06F 17 / 5036 

( 2013 . 01 ) 
( 58 ) Field of Classification Search 

CPC . . . . . . . . . . . . . . GOIR 27 / 2605 ; GOIR 31 / 028 ; GOIR 
31 / 025 ; GOIR 15 / 16 ; GOIR 27 / 02 ; 
( Continued ) 

( 57 ) ABSTRACT 
The relationship between capacitance value variation and an 
AC voltage value of a capacitor is obtained in advance as an 
approximation equation or table data . The AC voltage value 
applied to the capacitor in the circuit is calculated . The 
capacitance value of the capacitor is calculated from the AC 
voltage value calculated in step 3 on the basis of the obtained 
relationship . The calculated capacitance value of the capaci 
tor and the capacitance value of the capacitor set to the set 
value are compared . If the result of the comparison is that 
there is a difference between the two values , the calculated 
value is set as a new set value and the same processing is 
repeated . If there is no longer a difference between the two 
values , the capacitance value calculated at that time is 
determined to be the capacitance value in the circuit . 

5 Claims , 4 Drawing Sheets 

START 

1 TABLE CATA 
APPROXIMATION 

EQUATION 

OBTA N IN ADVANCE RELATIONSHIP 
OF AC VOLTAGE VS ÇARPITANCE 
FOR CASE WHERE VARIOUS 
PARAMETERS ARE CHANGED 

S2 
SET INIT AL VALUE OF FREQUENCY 

SET INITIAL VALUE OF 
CAPACITANCE 

PERFORM CIRCUIT CALCULATION 
AND CALCULATE AC VOLTAGE 
APPLIED TO CAPACITOR 93 

REFERING TO TABLE DATAO ? 
APPROXIMATION EQUATION , 
CALCULATE CAPACITANCE FROM 
A VOLTAGE 

ADVANCE ONE FREQUENCY STEP $ 4 

S5 
HAVE WALUES OF 
CAPACTANCE 
CONVERGED ? 

Yes 

S6 
CALCULATON 

RESULT 
SAVE CALCULATON RESULT 

S7 
CONSY SWEEPING 

END 



US 10 , 184 , 967 B2 
Page 2 

( 58 ) Field of Classification Search 
CPC . . . . . . GO1R 27 / 26 ; GOIR 31 / 362 ; GOIR 17 / 02 ; 

GOIR 21 / 133 
USPC . . . . . 324 / 382 , 427 , 519 , 750 . 17 , 754 . 28 , 548 , 

324 / 686 , 76 . 66 , 606 , 647 – 679 , 705 
See application file for complete search history . 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

2012 / 0139563 A1 * 6 / 2012 Teissier GO6F 3 / 044 
324 / 679 

2012 / 0153965 A1 * 6 / 2012 Huang . . . . . . . . . . . . GOIR 31 / 028 
324 / 548 

2012 / 0161788 A1 * 6 / 2012 Siewick . . . . . . . . . . . . . . . GOLV 3 / 081 
324 / 654 

2013 / 0057297 A1 * 3 / 2013 Cheng . . . . . . . . . . . . . . . . . . . . HO2M 1 / 32 
324 / 548 

2013 / 0082720 A1 * 4 / 2013 Tang . . . . . . . . . . . . . . . . . . . HO3J 1 / 005 
324 / 677 

2013 / 0293026 A1 * 11 / 2013 Miyamoto . . . . . . . . . . HO2J 50 / 12 
307 / 104 

2014 / 0091815 Al * 4 / 2014 Suwald . . . . . . . . . . . . . . GO1R 27 / 2605 
324 / 658 

2014 / 0375334 A1 * 12 / 2014 Rodriguez . . . . . . . . . GOIR 27 / 2611 
324 / 602 

FOREIGN PATENT DOCUMENTS 

WO 
WO 

2012 / 090602 A1 
2014 / 024692 A1 

7 / 2012 
2 / 2014 

* cited by examiner 



U . S . Patent Jan . 22 , 2019 Sheet 1 of 4 US 10 , 184 , 967 B2 

FIG . 1 

M1 START 

1 
TABLE DATA 

APPROXIMATION 
EQUATION 

OBTAIN IN ADVANCE RELATIONSHIPS 
OF AC VOLTAGE VS CAPACITANCE 
FOR CASE WHERE VARIOUS 
PARAMETERS ARE CHANGED 

2 SET INITIAL VALUE OF 
CAPACITANCE 

S 3 PERFORM CIRCUIT CALCULATION 
AND CALCULATE AC VOLTAGE 
APPLIED TO CAPACITOR 

S4 REFERING TO TABLE DATA OR 
APPROXIMATION EQUATION , 
CALCULATE CAPACITANCE FROM 
AC VOLTAGE 

$ 5 R 
HAVE VALUES OF 
CAPACITANCE 
CONVERGED ? 

TYes 

END ) . 



U . S . Patent Jan . 22 , 2019 Sheet 2 of 4 US 10 , 184 , 967 B2 

FIG . 2 

START 

S 1 TABLE DATA 
APPROXIMATION 

EQUATION 

OBTAIN IN ADVANCE RELATIONSHIP 
OF AC VOLTAGE VS CAPACITANCE 
FOR CASE WHERE VARIOUS 
PARAMETERS ARE CHANGED 

Sza 
SET INITIAL VALUE OF FREQUENCY 

S 2 SET INITIAL VALUE OF 
CAPACITANCE 

PERFORM CIRCUIT CALCULATION 
AND CALCULATE AC VOLTAGE 
APPLIED TO CAPACITOR S3 S8 

REFERING TO TABLE DATA OR 
JAPPROXIMATION EQUATION . 

S4 CALCULATE CAPACITANCE FROM 
AC VOLTAGE 

ADVANCE ONE FREQUENCY STEP 

HAVE VALUES OFN 
CAPACITANCE 
CONVERGED ? M 2 

TYes 
LS 6 

CALCULATION 
RESULT 

SAVE CALCULATION RESULT 

ns 
FREQUENCY SWEEPING 

COMPLETE ? 
Yes 

END 



U . S . Patent Jan . 22 , 2019 Sheet 3 of 4 US 10 , 184 , 967 B2 

FIG . 3 

CAPACITANCE 
[ nF ] 

y = 1 . 4949x3 - 7 . 8368x2 + 16 . 933x + 14 . 112 15 A 

ot TX 
0 . 5 1 . 5 2 2 . 5 

AC VOLTAGE [ Vrms ] 

FIG . 4 

+ 01 



U . S . Patent Jan . 22 , 2019 Sheet 4 of 4 US 10 , 184 , 967 B2 

FIG . 5 

CAPACITANCE 
[ nF ] 18 

+ 

o 2 14 16 4 6 8 10 12 
NUMBER OF REPETITIONS ( TIMES ) 



US 10 , 184 , 967 B2 
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METHOD OF DETERMINING of the AC voltage . In addition , in the case where an AC 
CAPACITANCE VALUE OF CAPACITOR voltage and a DC voltage are simultaneously applied , the AC 
WHILE TAKING APPLIED ALTERNATING voltage characteristics differ depending on the level of the 
VOLTAGE INTO CONSIDERATION , AND applied DC voltage . 

PROGRAM However , in the method of analyzing the capacitance of a 
capacitor of the related art disclosed in the above - listed 

CROSS REFERENCE TO RELATED International Publication No . 2012 / 090602 , only the DC 
APPLICATIONS voltage characteristics are taken into consideration in a state 

where the level and the frequency of the applied AC voltage 
This application claims benefit of priority to Japanese 10 are fixed . Consequently , there is a possibility that the capaci 

Patent Application 2013 - 156879 filed Jul . 29 , 2013 , and to tance of a capacitor analyzed using the capacitor equivalent 
International Patent Application No . PCT / JP2014 / 065318 circuit model disclosed in International Publication No . 
filed Jun . 10 , 2014 , the entire content of which is incorpo 2012 / 090602 will deviate from the capacitance under actual 
rated herein by reference . use conditions . 

15 

TECHNICAL FIELD Solution to Problem 
The present disclosure relates to a method of determining The present disclosure was made in order to solve the 

the capacitance value of a capacitor while taking an applied above - described problem and provides a method of deter 
alternating - current voltage into consideration in which the 20 mining a capacitance value of a capacitor while taking into 
capacitance value of the capacitor is determined from an consideration an applied alternating - current voltage , the 
alternating - current voltage value applied to the capacitor in method including : 
a circuit containing the capacitor , and relates to a program . a first step of obtaining in advance a relationship between 

capacitance value variation of a capacitor and an alternating 
BACKGROUND 25 current voltage value applied to the capacitor when a param 

eter that affects alternating - current voltage characteristics of 
The capacitance of a capacitor changes with a DC voltage the capacitance of the capacitor , for example , a direct 

applied to the capacitor , and in an equivalent circuit model current voltage value applied to the capacitor and the 
of a capacitor disclosed in International Publication No . frequency of an alternating - current voltage applied to the 
2012 / 090602 , changes in the capacitance are taken into 30 capacitor , is changed ; 
consideration by modeling the behavior of the capacitor as a second step of setting a set value of the capacitance of 
a current source in which the amount of current increases or the capacitor to an initial value ; 
decreases in accordance with the applied DC voltage . That a third step of calculating an alternating - current voltage 
is , in the equivalent circuit model , when a superposed value applied to the capacitor in a circuit containing the 
voltage of an alternating - current voltage and a DC bias 35 capacitor by using the capacitance value of the capacitor set 
voltage is applied to a capacitor equivalent circuit section , a to the set value ; 
reference current generating unit refers to the alternating a fourth step of calculating a capacitance value of the 
current voltage and calculates a reference current . A scaling capacitor in the circuit from the alternating - current voltage 
factor generating unit refers to the DC bias voltage and value calculated in the third step on the basis of the rela 
calculates a scaling factor with the DC bias voltage serving 40 tionship obtained in the first step ; and a fifth step of 
as a variable . A current - source current generating unit refers comparing the calculated value of the capacitance value of 
to the reference current and the scaling factor and calculates the capacitor calculated in the fourth step and the set value ; 
a current generated by the current source . The calculated where the calculated value is set as the set value and the 
current is generated by the current - source current generating third , fourth and fifth steps are repeated when a result of the 
unit and supplied to a basic circuit of the capacitor equiva - 45 comparison performed in the fifth step is that there is a 
lent circuit section . Therefore , the current flowing to the difference between the calculated value and the set value , 
capacitor equivalent circuit section corresponds to the DC and the calculated value is determined to be the capacitance 
bias characteristics of the actual capacitor and this equiva - value of the capacitor in the circuit when the result of the 
lent circuit model indicates DC bias characteristics that are comparison performed in the fifth step is that there is no 
close to the actual DC bias characteristics as a result of 50 difference between the calculated value and the set value . 
correlating the current with the capacitance of the capacitor . In the method of determining a capacitance value of a 

capacitor of this embodiment , the capacitance value of the 
SUMMARY capacitor is calculated from the alternating - current voltage 

value applied to the capacitor in the circuit on the basis of 
Technical Problem the relationship between capacitance value variation of the 

capacitor and the applied alternating - current voltage value 
A high - dielectric - constant multilayer ceramic capacitor , obtained in advance and the calculated capacitance value of 

which utilizes a barium titanate ferroelectric , is character the capacitor and the capacitance value of the capacitor set 
ized in that its capacitance value greatly changes with an to a set value are compared . Then , if the result of the 
applied direct current ( DC ) or alternating current ( AC ) 60 ?omparison is that there is a difference between the two 
voltage . Consequently , it is necessary to estimate and appro - values , the calculated value is set as a new set value and the 
priately take into consideration the voltage conditions when same processing is repeated . If there is no longer a difference 
designing a circuit containing this type of capacitor . Gen - between the two values , the capacitance value calculated at 
erally , AC voltage characteristics are illustrated as a curve that time is determined to be the capacitance value in the 
that indicates the change in capacitance value with respect to 65 circuit . Here , the relationship between the capacitance value 
the change in the level of the AC voltage value , and variation and the applied alternating - current voltage value of 
sometimes the curve is different depending on the frequency the capacitor obtained in advance is a relationship for a case 
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where a parameter that affects the alternating - current voltage capacitor in the circuit when the result of the comparison 
characteristics of the capacitance of the capacitor is changed . performed in the fourth procedure is that there is no differ 
Accordingly , the capacitance value of the capacitor , which is ence between the calculated value and the set value . 
obtained as a result of the calculated value and the set value According to this program , an accurate capacitance value 
of the capacitance value of the capacitor converging and the 5 of the capacitor that conforms to the actual use conditions is 
difference therebetween disappearing , is a value that takes obtained by calculation performed using a computer . 
into consideration a parameter that affects the alternating Accordingly , by using this program , a highly accurate circuit 
current voltage characteristics of the capacitance of the simulator can be formed for a circuit including a capacitor . 
capacitor . Therefore , by making the parameter that is taken In addition , the present disclosure is characterized in that , 
into consideration be a parameter that affects the alternating - 10 in the first procedure of the program , an initial value for 
current voltage characteristics of the capacitance of the a set value of the frequency of the alternating - current capacitor when the circuit is actually used , for example , at voltage applied to the capacitor is input and set as the set 
least a direct - current voltage value applied to the capacitor value of the frequency , and , and the frequency of an alternating - current voltage applied when there is no difference between the calculated value 
to the capacitor , the obtained capacitance value of the 15 and the set value in the fifth procedure , the calculated value 
capacitor comes to be an accurate value that conforms to the is determined to be the capacitance value of the capacitor in 
capacitance value under the actual use conditions . In addi the circuit at the set value of the frequency , and the second , tion , voltage and current characteristics , in each section of a third and fourth procedures are repeated by changing the set 
circuit affected by the capacitor , can also be accurately value of the frequency within the fixed range . obtained under actual use conditions . 20 With this program , accurate frequency characteristics for 

Furthermore , the present disclosure is characterized in the capacitance value of the capacitor that conform to the 
that , actual use conditions are obtained through calculation using in the second step , a set value of a frequency of the a computer . Therefore , by using this program , a circuit 
alternating - current voltage applied to the capacitor is set to simulator can be formed that is able to analyze the frequency 
an initial value , and 25 characteristics of a capacitor with a high degree of accuracy . 

the calculated value is determined to be the capacitance 
value of the capacitor in the circuit at the set value of the Advantageous Effects of Disclosure 
frequency when the result of the comparison performed in 
the fifth step is that there is no difference between the According to the present disclosure , as described above , 
calculated value and the set value and the third , fourth and 30 there can be provided a method of determining the capaci 
fifth steps are repeated by changing the set value of the tance value of a capacitor while taking into consideration an 
frequency within a fixed range . applied alternating - current voltage and a program , in which 

With this method , the capacitance value of the capacitor an accurate capacitance value of a capacitor that conforms to 
is determined for each frequency when the frequency of the actual use condition is obtained . 
alternating - current voltage applied to the capacitor is 35 
changed over a fixed range . Consequently , the frequency BRIEF DESCRIPTION OF DRAWINGS 
characteristics of the capacitance of the capacitor can be 
obtained over the fixed range . Therefore , the frequency FIG . 1 is a flowchart illustrating a method of determining 
characteristics of the voltage and current in each part of the the capacitance value of a capacitor according to a first 
circuit affected by the capacitor can also be obtained over the 40 embodiment of the present disclosure . 
fixed range . FIG . 2 is a flowchart illustrating a method of determining 

In addition , the present disclosure provides a program for the capacitance value of a capacitor according to a second 
causing a computer to execute : embodiment of the present disclosure . 

a first procedure in which an initial value for a set value FIG . 3 is a graph illustrating a measured example of the 
of a capacitance of a capacitor is input and set as the set 45 relationship between capacitance value variation of a capaci 
value ; tor and the AC voltage applied to the capacitor , the rela 

a second procedure in which an alternating - current volt - tionship having been obtained in advance in each embodi 
age value applied to the capacitor in a circuit containing the ment . 
capacitor is calculated using a capacitance value of the FIG . 4 illustrates an example of a simulation circuit using 
capacitor set to the set value ; 50 a capacitor for which the relationship between the capaci 

a third procedure in which a capacitance value of the tance value variation of the capacitor and the AC voltage 
capacitor in the circuit is calculated from the alternating applied to the capacitor is illustrated by the graph in FIG . 3 . 
current voltage value calculated in the second procedure on FIG . 5 is a graph illustrating the results of simulating the 
the basis of a relationship stored in a memory between capacitance value of the capacitor in the circuit illustrated in 
capacitance value variation of the capacitor and the alter - 55 FIG . 4 . 
nating - current voltage value applied to the capacitor when a 
parameter that affects alternating - current voltage character DETAILED DESCRIPTION 
istics of the capacitance of the capacitor is changed ; 

a fourth procedure in which the calculated value of the Next , modes for carrying out a method of determining the 
capacitance value of the capacitor calculated in the third 60 capacitance value of a capacitor taking into consideration 
procedure is compared with the set value ; and the applied alternating - current voltage and a program 

a fifth procedure in which the calculated value is set as the according to the present disclosure will be described . 
set value and the second , third and fourth procedures are FIG . 1 is a flowchart illustrating a method of determining 
repeated when the result of the comparison performed in the the capacitance value of a capacitor according to a first 
fourth procedure is that there is a difference between the 65 embodiment . 
calculated value and the set value , and in which the calcu - In the method of determining the capacitance value of a 
lated value is determined to be the capacitance value of the capacitor , first , in a first step S1 , the relationship between 
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capacitance value variation of the capacitor and an AC eters for which there are no inconsistencies between the 
voltage value ( AC voltage level ) applied to the capacitor parameters . Accordingly , in the method of determining the 
when various parameters that affect the AC voltage charac capacitance value of a capacitor of this embodiment , as 
teristics of the capacitance value of the capacitor are described above , the capacitance value of the capacitor is 
changed is obtained in advance . In this embodiment , the DC 5 calculated from the AC voltage value applied to the capaci 
voltage value ( DC voltage level ) applied to the capacitor and tor on the basis of the relationship between capacitance 
the frequency of the AC voltage applied to the capacitor are value variation of the capacitor and the AC voltage value 
used as the parameters that affect the AC voltage character obtained in advance as an approximation equation or table 
istics of the capacitance of the capacitor . In addition , the data , and the calculated capacitance value of the capacitor 
relationship between the capacitance value variation of the 10 and the capacitance value of the capacitor set to a set value 
capacitor and the AC voltage value applied to the capacitor are then compared . Then , if the result of the comparison is 
( AC voltage value vs . capacitance ) is represented by an that there is a difference between the two values , the 
approximation equation , which approximates the capaci - calculated value is set as a new set value and the same 
tance value by using the applied AC voltage value as a processing is repeated . In the case where the values have 
variable , or by table data for example and is stored in storage 15 converged and there is no longer a difference between the 
unit M1 such as a memory . values , it is determined that the calculated value is one for 

Here , the so - called AC voltage characteristics of the which there are no inconsistencies in the combination of the 
capacitance of the capacitor refers to the capacitance value two parameters and the capacitance value calculated at that 
variation seen when the DC voltage value applied to the time is determined to be the capacitance value in the circuit . 
capacitor and the frequency of the AC voltage applied to the 20 Here , the relationship between the capacitance value 
capacitor are set to fixed values and then the value of the AC variation of the capacitor and the applied AC voltage value 
voltage applied to the capacitor , that is , the AC voltage level obtained in advance is a relationship for the case where 
is changed . In addition , the so - called DC voltage character parameters that affect the AC voltage characteristics of the 
istics of the capacitance of the capacitor refers to capacitance capacitance of the capacitor , namely the applied DC voltage 
value variation seen when the AC voltage value applied to 25 value and the frequency of the AC voltage in this embodi 
the capacitor and the frequency of the AC voltage applied to ment , are changed . Accordingly , the capacitance value of the 
the capacitor are set to fixed values and then the value of the capacitor obtained by allowing the calculated value and the 
DC voltage applied to the capacitor , that is , the DC voltage set value of the capacitance value of the capacitor to 
level is changed . The AC voltage characteristics also change converge such that there is no longer a difference therebe 
when the frequency of the AC voltage applied to the 30 tween is a value that takes into consideration the applied DC 
capacitor is changed . voltage value and the frequency of the applied AC voltage 
Next , in a second step S2 , a set value of the capacitance value , which affect the AC voltage characteristics of the 

of the capacitor is set to an initial value . For example , a capacitor . Therefore , by making the parameters that are 
catalog value obtained under conditions of a specific DC taken into consideration be the applied DC voltage value and 
voltage being applied to the capacitor and conditions of a 35 the frequency of the AC voltage when the circuit is actually 
specific AC voltage being applied to the capacitor is used as used , these parameters affecting the AC voltage character 
the initial value . Next , in a third step S3 , circuit calculation istics of the capacitance of the capacitor , the obtained 
is performed and an AC voltage value applied to a capacitor capacitance value of the capacitor comes to be a value that 
in a circuit containing the capacitor is calculated using the accurately conforms to the capacitance value under actual 
capacitance value of the capacitor set to the initial value . 40 use conditions taking into consideration at least three vari 
Next , in a fourth step , the approximation equation or table ables , namely , the applied DC voltage value , the frequency 
data expressing the relationship AC voltage value vs . capaci - of the AC voltage and the applied AC voltage value . In 
tance value stored in the storage unit M1 in the first step is addition , voltage and current characteristics , in each section 
referred to and the capacitance value of the capacitor in the of a circuit affected by the capacitor , can also be accurately 
circuit is calculated from the AC voltage value calculated in 45 obtained under actual use conditions on the basis of the 
the third step . accurately obtained capacitance values . 
Next , in a fifth step , the calculated value of the capaci - FIG . 2 is a flowchart illustrating a method of determining 

tance value of the capacitor calculated in the fourth step is the capacitance value of a capacitor according to a second 
compared with the set value . In the case where the result of embodiment . In this figure , processing steps and parts that 
the comparison is that there is a difference between the 50 are the same as in FIG . 1 are denoted by the same reference 
calculated value and the set value , the capacitance values symbols and description thereof will be omitted . 
have not yet converged and a determination result of the fifth In the method of determining the capacitance value of a 
step S5 is No , the set value is updated by setting the capacitor according the second embodiment , after obtaining 
calculated value calculated in the fourth step as the updated in advance the relationship between the capacitance value 
set value , and the third , fourth and fifth steps S3 , S4 and 55 55 variation of a capacitor and the AC voltage value applied to 
are repeated . On the other hand , in the case where the result the capacitor in a first step Si , a set value of the frequency 
of the comparison performed in the fifth step S5 is that there of the AC voltage applied to the capacitor is set to an initial 
is no longer a difference between the calculated value and value in a second step S2a . The start value of a fixed range 
the set value , the capacitance values have converged and the over which it is desired to simulate the AC voltage frequency 
determination result of the fifth step S5 is Yes , the calculated 60 characteristics is set as the initial value . 
value of the capacitance is determined to be the capacitance In addition , in the case where there is no difference 
value of the capacitor in the circuit . between the calculated value and the set value in the fifth 

The level of the AC voltage applied to the capacitor and step S5 , the capacitance values have converged and the 
the capacitance of the capacitor are parameters that interact determination result of the fifth step S5 is Yes , the calculated 
each other . In order to acquire the capacitance of the 65 value calculated in the fourth step S4 is determined in a sixth 
capacitor in a circuit containing the capacitor , a solution is step S6 as the capacitance value of the capacitor in the 
obtained by searching for a combination of the two param circuit at the frequency set to the set value of the frequency 
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at that time . The calculation result of the calculated value is of the resistor R1 is 5022 and the AC voltage source V has 
stored in a storage unit M2 such as a memory . The calcu - a sine - wave - shaped output voltage waveform , an output 
lation result includes calculated voltage and current values voltage of 1 V and a frequency of 1 MHz . The approxima 
for each part of the circuit calculated using the determined tion equation expressed by Equation ( 1 ) is set in the circuit 
capacitance value . 5 simulator , the capacitance value of the capacitor C1 in the 
Next , in a seventh step S7 , it is determined whether circuit is set to an initial value of 22 nF and a simulation is 

frequency sweeping over the entire fixed range over which performed in accordance with the above - described flow 
it is desired to simulate the AC voltage frequency charac chart . 
teristics is complete , that is , whether the swept frequency FIG . 5 is a graph illustrating the results of the simulation . 
has reached the final value . In the case where frequency 10 The horizontal axis of the graph represents the number of 
sweeping over the entire frequency range is not complete repetitions ( times ) of the third , fourth and fifth steps S3 , S4 
and the determination result of the seventh step S7 is No , in and S5 and the vertical axis represents the capacitance value 
an eighth step S8 , the set value of the frequency is increased nf calculated in the fourth step . In addition , the plotted round 
by a certain amount to advance the frequency by one symbols represent the simulated values . 
frequency step . Then , the second to seventh steps S2 to S7 15 As illustrated in the graph , the capacitance value con 
are repeated . At this time , in the second step S2 , the verges to 15 . 4 nf from a number of repetitions of 5 times 
capacitance value calculated in the fourth step S4 the onwards . 
previous time around is set as the set value of the capaci Although the results of the simulation are for a single AC 
tance . Therefore , the set value of the capacitance is updated voltage frequency , in the second embodiment an approxi 
each time the second to seventh steps S2 to S7 are repeated . 20 mation equation is prepared for each AC voltage frequency 
Once the set value of the frequency has been changed and calculation is performed by sweeping the AC voltage 

within the fixed range , frequency sweeping over the entire frequency across a desired frequency range . 
fixed range over which it is desired to perform simulation is 
complete and the determination result of the seventh step is INDUSTRIAL APPLICABILITY 
Yes , the processing is completed . 25 
According to the method of determining the capacitance The method of determining the capacitance value of a 

value of a capacitor of the second embodiment described capacitor according to each of the above - described embodi 
above , the capacitance value of the capacitor and the voltage ments can be realized and easily utilized as a computer 
value and the current value for each part of the circuit are program as follows . 
determined for each frequency when the frequency of an AC 30 That is , the method of determining the capacitance value 
voltage applied to the capacitor is changed over a fixed of a capacitor according to the first embodiment can be 
range . Accordingly , the frequency characteristics of the formed as a program for causing a computer to execute 
capacitance of the capacitor and the frequency characteris - a first procedure in which an initial value for a set value 
tics of the desired voltage and current in each part of the of the capacitance of a capacitor is input and set as the set 
circuit affected by the capacitor can be obtained for a fixed 35 value , 
range . a second procedure in which an AC voltage value applied 

FIG . 3 is a graph illustrating a measured example of the to the capacitor in a circuit containing the capacitor is 
relationship between the capacitance value variation of a calculated using a capacitance value of the capacitor set to 
ceramic capacitor and an AC voltage value applied to the the set value , 
capacitor ( AC voltage value vs . capacitance ) stored in the 40 a third procedure in which a capacitance value of the 
storage unit M1 in each of the above - described embodi - capacitor in the circuit is calculated from the AC voltage 
ments . The horizontal axis of the graph represents AC value calculated in the second procedure on the basis of a 
voltage ( Vrms ] and the vertical axis represents capacitance relationship stored in the storage unit M1 between the 
[ nF ] . In addition , a curve y is a measurement result illus capacitance value variation of the capacitor and the AC 
trating the capacitance value variation of the capacitor when 45 voltage value applied to the capacitor in the case where a 
the AC voltage value applied to the capacitor is changed . parameter that affects the AC voltage characteristics of the 
Although the measurement is actually performed by chang - capacitance of the capacitor is changed , 
ing parameters that affect the AC voltage characteristics of a fourth procedure in which the calculated value of the 
the capacitance of the capacitor , in the embodiments capacitance value of the capacitor calculated in the third 
described above , by changing the DC voltage applied to the 50 procedure is compared with the set value , and 
capacitor and the frequency of the AC voltage applied to the a fifth procedure in which the calculated value is set as the 
capacitor , here , for the sake of simplicity , measurement was set value and the second , third and fourth procedures are 
performed by fixing the DC voltage applied to the capacitor repeated when the result of the comparison performed in the 
to 0 [ V ] and the frequency of the AC voltage applied to the fourth procedure is that there is a difference between the 
capacitor to 1 [ MHz ] . When the curve y is approximated 55 calculated value and the set value , and in which the calcu 
using a cubic equation having the applied AC voltage as a lated value is determined to be the capacitance value of the 
variable x , the approximation equation is expressed by the capacitor in the circuit when the result of the comparison 
following Equation ( 1 ) . performed in the fourth procedure is that there is no differ 

ence between the calculated value and the set value . y = 1 . 4949x3 - 7 . 8368x² + 16 . 933x + 14 . 112 ( 1 ) 60 With this program , an accurate capacitance value of the 
FIG . 4 illustrates an example of a circuit using a capacitor capacitor that conforms to the actual use conditions is 

C1 having the relationship AC voltage vs . capacitance for obtained through calculation performed using a computer . 
which the approximation equation is expressed by the above Accordingly , by using this program , a highly accurate circuit 
Equation ( 1 ) and a circuit simulation is performed using this simulator can be formed for a circuit including a capacitor . 
circuit . As illustrated in the figure , an AC voltage source V 65 Here , " circuit simulator ” refers to a program that calculates 
is connected in series with a series circuit composed of the parameters describing physical characteristics of various 
capacitor C1 and a resistor R1 in the circuit . The resistance passive circuit elements and active circuit elements such as 
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the transient characteristics and frequency characteristics of 
the voltage and current on the basis of Ohm ' s Law and 
Kirchhoff ' s Laws and so forth , which are fundamental laws 
of electrical circuits . 

In addition , the method of determining the capacitance 5 
value of a capacitor according to the second embodiment 
can be formed as a computer program by inputting an initial 
value for a set value of the frequency of the alternating 
current voltage applied to the capacitor and setting the input 
initial value as the set value of the frequency in the first 10 
procedure of the above - described program , and , in the case 
where there is no difference between the calculated value 
and the set value in the fifth procedure , determining the 
calculated value to be the capacitance value of the capacitor 16 
in the circuit at the set value of the frequency and repeating 
the second , third and fourth procedures by changing the set 
value of the frequency within the fixed range . 

With this program , accurate frequency characteristics for 
the capacitance value of the capacitor that conform to the 20 
actual use conditions are obtained through calculation using 
a computer . Therefore , by using this program , a circuit 
simulator can be formed that is able to analyze the frequency 
characteristics of a capacitor with a high degree of accuracy . 

Furthermore , each of the above - described computer pro - 25 
grams can be used from a terminal such as a personal 
computer connected to the Internet by accessing a server 
provided with the computer program via the Internet . In this 
case , a user can easily use the computer programs by 
accessing the server provided with the computer programs 30 
from a terminal connected to the Internet . Consequently , the 
methods of determining the capacitance value of a capacitor 
according to the above embodiments can be provided to a 
large number of users . 

The methods of determining the capacitance value of a 35 
capacitor and the programs according to the embodiments 
described above have been described for a case where a DC 
voltage value applied to a capacitor and the frequency of an 
AC voltage applied to the capacitor are used as parameters 
that affect the AC voltage characteristics of the capacitance 40 
of the capacitor , but the parameters are not limited to those 
parameters . For example , aging conditions such as the 
temperature of the capacitor and the time period for which 
a voltage is applied to the capacitor may be used as the 
parameters and the relationship between the applied AC 45 
voltage value and the capacitance value when these param 
eters are changed in accordance with the conditions of the 
circuit actually used may be obtained in advance and stored 
in the storage unit M1 as table data or an approximation 
equation . By obtaining data on the AC voltage characteris - 50 
tics when the parameters are changed in this way , the 
capacitance of the capacitor and the current - voltage charac 
teristics of each part of the circuit can be simulated while 
taking into consideration all parameters . 

a third step of calculating an alternating - current voltage 
value applied to the capacitor in a circuit containing the 
capacitor by using the capacitance value of the capaci 
tor set to the set value ; 

a fourth step of calculating a capacitance value of the 
capacitor in the circuit from the alternating - current 
voltage value calculated in the third step on the basis of 
the relationship obtained in the first step ; and 

a fifth step of comparing the calculated value of the 
capacitance value of the capacitor calculated in the 
fourth step and the set value ; 

wherein the calculated value is set as the set value and the 
third , fourth and fifth steps are repeated when a result 
of the comparison performed in the fifth step is that 
there is a difference between the calculated value and 
the set value , and the calculated value is determined to 
be the capacitance value of the capacitor in the circuit 
when the result of the comparison performed in the fifth 
step is that there is no difference between the calculated 
value and the set value . 

2 . The method of determining a capacitance value of a 
capacitor while taking into consideration an alternating 
current voltage according to claim 1 , 
wherein , in the second step , a set value of a frequency of 

the alternating - current voltage applied to the capacitor 
is set to an initial value , and 

the calculated value is determined to be the capacitance 
value of the capacitor in the circuit at the set value of 
the frequency when the result of the comparison per 
formed in the fifth step is that there is no difference 
between the calculated value and the set value and the 
third , fourth and fifth steps are repeated by changing the 
set value of the frequency within a fixed range . 

3 . A computer program product , comprising : 
a non - transitory computer - readable storage medium that 

includes a program for causing a computer to execute : 
a first procedure in which an initial value for a set value 
of a capacitance of a capacitor is input and set as the 
set value ; 

a second procedure in which an alternating - current 
voltage value applied to the capacitor in a circuit 
containing the capacitor is calculated using a capaci 
tance value of the capacitor set to the set value ; 

a third procedure in which a capacitance value of the 
capacitor in the circuit is calculated from the alter 
nating - current voltage value calculated in the second 
procedure on the basis of a relationship stored in a 
memory between capacitance value variation of the 
capacitor and the alternating - current voltage value 
applied to the capacitor when a parameter that affects 
alternating - current voltage characteristics of the 
capacitance of the capacitor is changed ; 

a fourth procedure in which the calculated value of the 
capacitance value of the capacitor calculated in the 
third procedure is compared with the set value ; and 

a fifth procedure in which the calculated value is set as 
the set value and the second , third and fourth pro 
cedures are repeated when the result of the compari 
son performed in the fourth procedure is that there is 
a difference between the calculated value and the set 
value , and in which the calculated value is deter 
mined to be the capacitance value of the capacitor in 
the circuit when the result of the comparison per 
formed in the fourth procedure is that there is no 
difference between the calculated value and the set 
value . 

55 

The invention claimed is : 
1 . A method of determining a capacitance value of a 

capacitor while taking into consideration an alternating 
current voltage , the method comprising : 

a first step of obtaining in advance a relationship between 60 
capacitance value variation of a capacitor and an alter 
nating - current voltage value applied to the capacitor 
when a parameter that affects alternating - current volt 
age characteristics of the capacitance of the capacitor is 
changed ; 65 

a second step of setting a set value of the capacitance of 
the capacitor to an initial value ; 
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4 . The computer program product according to claim 3 , 
wherein , in the first procedure , an initial value for a set 

value of the frequency of the alternating - current volt 
age applied to the capacitor is input and set as the set 
value of the frequency , and 

the calculated value is determined to be the capacitance 
value of the capacitor in the circuit at the set value of 
the frequency when there is no difference between the 
calculated value and the set value in the fifth procedure , 
and the third , fourth and fifth procedures are repeated 10 
by changing the set value of the frequency within a 
fixed range . 

5 . The method of determining a capacitance value of a 
capacitor while taking an alternating - current voltage into 
consideration according to claim 1 , wherein the parameter 15 
includes at least a direct - current voltage value applied to the 
capacitor and a frequency of an alternating - current voltage 
applied to the capacitor . 


